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(ii) –SN ( $\mathrm{S}\mathrm{i}\mathrm{g}\mathrm{n}\mathrm{a}1-\mathrm{t}\mathrm{o}- \mathrm{N}\mathrm{o}\mathrm{i}_{\mathrm{S}}\mathrm{e}$ ratio)–
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“ ” [3, 4, 5].
“ ” , “ ”
“ ” .
, . van Hove
[van Hove limit: (weak coupling $\mathrm{l}\mathrm{i}\mathrm{m}\mathrm{i}\mathrm{t}$) $+$ (coarse-graining in
time)] [6] ,
[7], – Accardi et al.
, “ ” (stochastic limit approximation) $[8, 9]$ .
, ,







[1, 5, 10]. ,
( 1). , (
) , ( $\Omega$)
. , ,
[ 1 $(\mathrm{a})$ ].
, [ 1 $(\mathrm{b}),(\mathrm{c})$ ], ,
, ,
[ 1 $(\mathrm{b})$ ]. .
. $\Omega$ [ 1 $(\mathrm{c})$ ].
(a) (b) (c)
1: $N$ ( $T$) (a) , (b) , (C) .
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. , $|-\rangle$ $\geq$ –
$|+\rangle$ . , $|\pm\rangle$ ,
“ , ” $|\mathrm{L}\rangle$ , $|\mathrm{R}\rangle$ ,
, [ $2(\mathrm{b})$ ]. , $|\mathrm{L}\rangle$ , $|\mathrm{R}\rangle$ ,
$H_{\mathrm{s}}$ , .
$H_{\mathrm{S}}= \frac{1}{2}\epsilon_{0^{\sigma}\mathrm{s}}+\frac{1}{2}\Delta_{0^{\sigma_{1}}}$. (2.1)
. , $\sigma_{3}=|\mathrm{R}\rangle$ $\langle \mathrm{R}|-|\mathrm{L}\rangle\langle \mathrm{L}|, \sigma_{1}=|\mathrm{R}\rangle\langle \mathrm{L}|+|\mathrm{L}\rangle\langle \mathrm{R}|$
, $\epsilon_{0}$ $|\mathrm{R}\rangle$ $|\mathrm{L}\rangle$ , $\Delta_{0}$ $|\mathrm{R}\rangle$ , $|\mathrm{L}\rangle$
( 3). , $|\pm\rangle$ $H_{\mathrm{s}}$ ,
$H_{\mathrm{S}}= \frac{1}{2}\hslash\omega_{0}(|+\rangle\langle+|-|-\rangle\langle-|)$ , $\hslash\omega_{0}=\sqrt{\epsilon_{0^{+\Delta}0}^{2}2}$ (2.2)
.
, , $W_{0}$ ,
$W=W_{0}\sigma_{3}\sin\Omega t$ (2.3)
. $\sigma_{3}=|\mathrm{R}\rangle$ $\langle \mathrm{R}|-|\mathrm{L}\rangle\langle \mathrm{L}|$
.
, 1 “ ” .
$H_{\mathrm{B}}= \int dk\hslash\omega_{k^{a_{k}a_{k}}}\dagger$ , $[a_{k}, a_{k}^{1},]=\delta(k-k^{J})$ (2.4)
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, , $\backslash$




$H=H_{0}+\lambda V+W$, $H_{0\mathrm{S}}=H+H_{\mathrm{B}}$ (26)
. , $W$ ,
, $\sigma_{3}$ . ,
, ( 3).
3
, $(W=0)$ , Accardi et al.
[9]. Schr\"odinger
$i \hslash\frac{d}{dt}U_{\mathrm{I}}^{()}(\lambda)t=\lambda V_{\mathrm{I}}(t)U_{\mathrm{I}}(\lambda)(t)$ , $U_{\mathrm{I}}^{(\lambda)}(0)=1$ , (3.1)
$V_{\mathrm{I}}(t)=i \hslash\sum_{\alpha}(D_{\alpha}A_{\alpha}^{\uparrow}(t)-D_{\alpha}\dagger_{A\alpha(t}))$ (3.2)
. , $\alpha$ $\alpha=\{+,-, 0\}$ , $D_{\alpha}$
$D_{+}=|+\rangle\langle-|=D^{\uparrow}, D_{0}=|+\rangle\langle+|-|-\rangle\langle-|=H_{\mathrm{S}}/\hslash\omega_{0}$ , (3.3)
$A_{\alpha}(\tau)$
$A_{\pm}(t)=- \frac{\Delta_{0}}{\hslash\omega_{0}}\int dkg_{k}^{*}a_{k}e-i(\omega_{k}\pm\omega 0)t$ , $A_{0}(t)=- \frac{\epsilon_{0}}{\hslash\omega_{0}}\int dkg_{k}^{*}ake-i\omega_{k^{t}}$ (3.4)
. , van Hove . , $t\mapsto\tau=\lambda^{2}t$
, $\lambdaarrow 0$ . ,
. Schr\"odinger (3.1) $t=\tau/\lambda^{2}$ .$\cdot$
$\frac{d}{d_{\mathcal{T}}}U_{\mathrm{I}}^{(\lambda)}(\mathcal{T}/\lambda 2)=\sum\alpha(D_{\alpha}\frac{1}{\lambda}A_{\alpha}|(\tau/\lambda^{2})-D_{\alpha}\dagger\frac{1}{\lambda}A_{\alpha}(\mathcal{T}/\lambda^{2}))U_{\mathrm{I}}(’\Gamma(\lambda)/\lambda^{2})$ (3.5)
, $\lambdaarrow 0$ $U_{\mathrm{I}}^{(\lambda)}(\tau/\lambda 2)arrow \mathrm{G}(\tau)$ , $A_{\alpha}(\tau/\lambda^{2})/\lambdaarrow b_{\alpha}(\tau)$





, $b_{\alpha}(\mathcal{T}),$ $b_{\alpha}^{\uparrow}(\tau)$ .
$[ \frac{1}{\lambda}A_{\alpha}(\mathcal{T}/\lambda 2),$ $\frac{1}{\lambda}A_{\alpha}^{\dagger},(\tau’/\lambda 2)]$
$=C_{\alpha\alpha^{J^{\frac{1}{\lambda^{2}}}}} \int dk|g_{k}|2e^{-}i(\omega_{\alpha}-\omega_{\alpha})’(\mathcal{T}+\mathcal{T})’/2\lambda^{2}-ei\{\omega_{k}+(\omega\alpha+\omega)’\alpha/2\}(_{\mathcal{T}}-\tau)’/\lambda 2$ (3.7)
$arrow 2C_{\alpha\alpha}J(-\omega_{\alpha})\delta_{\alpha}\alpha^{!}\delta(\tau-\tau^{;})$ as $\lambdaarrow 0$
( , $\omega_{\alpha}=\{\omega_{0},$ $-\omega_{0},$ $\mathrm{o}\},$ $C_{\alpha\alpha’}$ $\epsilon_{0}/\hslash\omega_{0},$ $\Delta_{0}/\hslash\omega_{0}$ ),
$[b_{\alpha}(\tau), b^{1},(\alpha\tau’)]=\gamma\alpha\delta’\delta\alpha\alpha(\tau-\tau’)$ , (3.8)
$\frac{1}{2}\gamma-=(\Delta 0/\hslash\omega_{0})^{2}J(\omega_{0})$ , $\gamma+=\gamma_{0}=0$ (3.9)
. , $I(\omega)$
$J( \omega)=\pi\int dk|g_{k}|^{2}\delta(\omega_{k}-\omega)$ (3.10)
, . (3.8) , $b_{\alpha}(\tau)$
, , Markov
. , $b_{\alpha}(\tau)$ “ ”
. , $t-\rangle$ $\tau=\lambda^{2}t(\lambdaarrow 0)$ ,
$,$
$-\mathrm{K}\mathrm{s}$ . , ‘ ” ,
$\tau$ , , $\omega_{\mathrm{R}}=\omega_{0}/\lambda 2$
.
, $D_{\alpha}$ . Heisenberg
$D_{\alpha}(\tau)$ $U_{\mathrm{I}}(\tau)$ $D_{\alpha}(\tau)=U_{\mathrm{I}}\dagger(\tau)D_{\alpha}e^{i}\alpha \mathcal{T}/\omega\lambda 2U_{\mathrm{I}}(\tau)$ ,
, . , $\tau=0$
, , $T$
$\rho_{\mathrm{t}\mathrm{h}}=e^{-\beta H}\mathrm{B}/Z$ ($\beta=1/kT$ $k$ Boltzmann , $Z$
),
$D_{\alpha}^{\theta}(\tau)=\mathrm{t}\mathrm{r}_{\mathrm{B}}(\rho_{\mathrm{t}\mathrm{h}}U_{\mathrm{I}}\dagger(\mathcal{T})D_{\alpha}e^{i}\omega_{\alpha}\mathcal{T}/\lambda^{2}U_{\mathrm{I}}(\tau))$ (3.11)
. , $\mathrm{t}\mathrm{r}_{\mathrm{B}}$ ,
“ ” . , $D_{\alpha}^{\theta}(\tau)$ .
$D_{\alpha}^{\theta}(\tau)$ , Schr\"Odinger (3.6) ,
. , $T=0$ . Schr\"odinger
(3.5)




$=- \frac{i}{\hslash}\int_{0}^{\tau}d\mathcal{T}_{1}[\frac{1}{\lambda}A_{\alpha}(\tau/\lambda 2),$ $\frac{1}{\lambda}V_{\mathrm{I}}(\tau 1/\lambda^{2})]U_{\mathrm{I}}^{(\lambda)}(\tau 1/\lambda^{2})+\cdots$ (3.13)




$\gamma(\omega)=J(\omega)-iI(\omega)$ , $I( \omega)=\frac{1}{\pi}P\int d\omega’,\frac{J(\omega^{;})}{\omega-\omega}$ (3.15)
. $b_{\alpha}(\tau)$ $U_{\mathrm{I}}(\tau)$ , $T=0$ $D_{\alpha}^{\theta}(\tau)[=$
$D_{\alpha}^{(0})(\tau)]$ .
$\frac{d}{d\tau}D_{\pm}^{(0)}(\mathcal{T})=-(\frac{1}{2}\gamma\mp i\omega_{\mathrm{R}}^{(0)})D\pm(\tau(0))$ , $\frac{d}{d\tau}D_{0}^{(0)}(\tau)=-\gamma D_{0}^{(0)}(\tau)-\gamma$ . (3.16)
,
$\omega_{\mathrm{R}}^{(0)}=\omega_{\mathrm{R}}-\sigma$, $\sigma=(\frac{\Delta_{0}}{\hslash\omega_{0}})^{2}(I(\omega_{0})-I(-\omega_{0}))$ . (3.17)
TFD [11] , ,
$\frac{d}{d_{\mathcal{T}}}D_{\pm}^{\theta}(\tau)=-(\frac{1}{2}\gamma^{\theta}\mp i\omega_{\mathrm{R})}^{\theta}D_{\pm}^{\theta}(\tau),$ $\frac{d}{d_{\mathcal{T}}}D_{0}^{\theta}(\tau)=-\gamma^{\theta}D_{0}^{\theta}(\mathcal{T})-\gamma$. (3.18)
, ,
$\frac{1}{2}\gamma^{\theta}=(\frac{\Delta_{0}}{\hslash\omega_{0}})^{2}\coth\frac{1}{2}\beta\hslash\omega_{0}J(\omega_{0})$, $\omega_{\mathrm{R}}^{\theta}=\omega_{\mathrm{R}}-\sigma^{\theta}$ , (3.19)
$\sigma^{\theta}=(\frac{\Delta_{0}}{\hslash\omega_{\cap}})^{2}(I^{\theta}(\omega 0)-I^{\theta}(-\omega_{0}))$, $I^{\theta}( \omega)=\frac{1}{\pi}P\int d\omega^{l}\coth\frac{1}{2}\beta\hslash\omega’,\frac{J(\omega^{;})}{\omega-\omega}$ (3.20)
. (3.18) ,
$D_{\pm}^{\theta}(\mathcal{T})=D\pm^{e^{-(\gamma^{\theta}}}\mathrm{R}/2\mp\dot{x}\omega)_{\mathcal{T}}\theta$, $D_{0}^{\theta}( \mathcal{T})=(D_{0}+\tanh\frac{1}{2}\beta\hslash\omega_{0})e-\gamma \mathcal{T}-\tanh\frac{1}{2}\beta\hslash\omega 0\theta$ (3.21)
.
, $\gamma^{\theta}$ , $\sigma^{\theta}$–Lamb –
. , (3.10) $J(\omega)$
.
, $J(\omega)$ .
, (3.21) $D_{0}^{\theta}(\mathcal{T})arrow-\tanh(\beta\hslash\omega_{0}/2),$ $D_{\pm}^{\theta}(\tau)arrow 0$ , $(D_{0}^{\theta}(\tau), D_{\pm}^{\theta}(\tau)$
) $\mathrm{c}$- . ,
105
( ,
). , $T$ .
, $D_{\alpha}^{\theta}(\tau)$ $\langle D_{\alpha}^{\theta}(\tau)\rangle$ $\rho \mathrm{s}(\mathcal{T})=\mathrm{t}\mathrm{r}_{\mathrm{B}}\rho(\mathcal{T})(\rho(\tau)$
) $\langle-|\rho_{\mathrm{S}}(\mathcal{T})|+\rangle,$ $\langle\pm|\rho_{\mathrm{S}}(\mathcal{T})|\pm\rangle$ , (3.21)
$\langle-|\rho_{\mathrm{S}}(\mathcal{T})|+\rangle=\langle D_{+}(\mathcal{T})\ranglearrow 0$, (3.22)
$\langle\pm|_{\rho_{\mathrm{S}}}(_{\mathcal{T}})|\pm\rangle=\frac{1}{2}(1\pm\langle D\theta(0\mathcal{T})\rangle)arrow\frac{e^{\mp\beta\hslash\omega_{0}/2}}{e^{\beta\hslash\omega_{0}}/2+e^{-\beta/2}\hslash\omega 0}$ (3.23)
, , (3.22) ,






– , $\mathrm{S}\mathrm{N}$ ,
.
(2.6) , Schr\"odinger
$i \hslash\frac{d}{dt}U_{\mathrm{I}}^{()}(t)\lambda=(\lambda V_{\mathrm{I}}(t)+W_{\mathrm{I}}(t\mathrm{I})U_{\mathrm{I}}^{(}\lambda)(t)$ , $U_{\mathrm{I}}^{(\lambda)}(0)=1$ , (4.2)
$W_{\mathrm{I}}(t)=W_{0}[ \frac{\epsilon_{0}}{\hslash\omega_{0}}D_{0}-\frac{\Delta_{0}}{\hslash\omega_{0}}(D_{+^{e^{i}}}\omega 0t+D-e-i\omega_{0}t)]\sin\Omega t$ (4.3)





$- \frac{i}{\hslash}W_{\mathrm{R}}[\frac{\epsilon_{0}}{\hslash\omega_{0}}D_{0}-\frac{\Delta_{0}}{h\omega_{0}}(D_{+^{e}}i\omega \mathrm{R}\tau+D-e-i\omega \mathrm{R}^{\mathcal{T}})]\sin\Omega_{\mathrm{R}^{\mathcal{T}U_{\mathrm{I}}}}(_{\mathcal{T})}$
. , , $\omega_{\mathrm{R}}=\omega_{0}/\lambda^{2},$ $\Omega_{\mathrm{R}}=\Omega/\lambda^{2},$ $W_{\mathrm{R}}=W_{0}/\lambda^{2}$
. , .
, $D_{\alpha}^{\theta}(\tau)$




( 2 , ,
), $o(W_{\mathrm{R}})$ . ( $\tau>>1/\gamma^{\theta}$ ) ,



























( , ), $\omega_{0}$
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4: (a)
, (b) $J(\omega)$ . 5: $\sigma^{\theta}$ .
. , $4(\mathrm{b})$
. , $\omega\sim 0$ $J(\omega)=\eta\omega$ ,
“Ohmic ” . , , $I^{\theta}(\omega)$
$\sigma^{\theta}$ , $\sigma^{\theta}$
[ (3.20) $\sigma^{\theta}$ ]. $\sigma^{\theta}$ 5 .
6 , $R^{\theta}(\Omega_{\mathrm{R}})$ $T,$ $\eta$ , . $\eta$
, , $\eta$
, . $\eta=3.5$ $7(\mathrm{a})$ .
, . , , $\eta=0.5$
[ $7(\mathrm{b})$ ]. $R^{\theta}(\Omega_{\mathrm{R}})=0$ . ,
. , $\sigma^{\theta}$ , $\omega_{\mathrm{R}}^{\theta}=0$
. , .
5




, $\gamma^{\theta}$ $\sigma^{\theta}$ . ,






7: $\mathrm{S}\mathrm{N}$ $A^{\theta}(\Omega_{\mathrm{R}})$ . (a) $\eta=$
6: $\mathrm{S}\mathrm{N}$ $R^{\theta}(\Omega_{\mathrm{R}})$ $T,$ $\eta$ . 35, (b) $\eta=0.5$ .
, $\mathrm{S}\mathrm{N}$ , $\eta$ ,






( ) ( )
Cavity QED , $\not\subset-$ “ ( $J(\omega)$ ) ,
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